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Improving Recall for Automatic Information Extraction
December 5, 2000

Final Report

Abstract

This report describes the results of the SBIR Phase I research project on improving recall for
automatic information extraction, carried out by Onyx Consulting, Inc.

Current IE systems suffer from a number of limitations, especially with respect to the types and
amount of knowledge that they bring to bear on the process of extraction. The current effort
works on improving the coverage and quality of proper name recognition but also significantly
on enhancing the syntactic and semantic knowledge used in extraction. In addition, we also work
on resolving multiple references to the same entity in the text. Preliminary testing suggests that
the knowledge-intensive methods contribute to enhancing the recall in information extraction.

Subject Terms

Information extraction, recall, syntax, semantics, ontology, text processing.

Background

Current information extraction systems work basically as follows. A set of key words and
patterns is developed for a domain (e.g., nuclear physics or reports about terrorist activities).
Each word signals and corresponds to an information element (such as name, event-type or
place) which is sought in the extraction process. The patterns are used to detect appropriate
combinations of words and names. In practice, the information elements recognized by such
patterns are organized in templates. The key words are used as textual clues in that they are
matched against texts from a collection. Those documents in which matches occur are further
processed to find the patterns which allow the filling of the slots corresponding to the various
elements of the pattern on which the match occurred.

Our recall enhancing algorithms are based on using additional knowledge in the process of
information extraction; additional, that is, compared with most current systems. In particular, we
are adding a combination of syntactic and ontological-semantic knowledge to support template
definition and the extraction process itself. Our algorithms are built to allow the exploration, in
combination, of a number of approaches to breaking the recall barrier. Resources and linguistic
expertise were supplied by consultants at the Computing Research Laboratory, New Mexico
State University.

General Progress

Onyx Consulting has fulfilled the objectives of this Phase I project—to demonstrate that levels of
recall in information extraction can be raised through the application of natural language
processing techniques, centrally including analysis of the text meaning. In what follows, we
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briefly describe the design, algorithms and data resources of the proof-of-concept application
system that we built during Phase L

The proof of concept system that we built, while basically an information extraction system, is
presented to the user in the form of a question answering environment. Since the Chechnya war
has somewhat lost its newsworthiness, we decided to use a database of news about the Sydney
Olympic Games. Since the domain is not, at this stage of development, the most important
consideration, in our choice we were guided, in part, by the ready availability of textual material
about this event.

Figures 1 - 9 illustrate the way the proof-of-concept system works.
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Figure 1. The user types in a question, for example, "How many medals did Ian Thorpe win?"
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Figure 2. The system starts a battery of processing stages, as listed in the display
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Figure 3. The results of each stage are displayed. This is a testing/debugging feature used in the
proof of concept that will be only an option in a Phase I prototype.
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Figure 4. The results of morphological analysis of the input string are displayed.
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Figure 5. The results of proper name recognition are displayed.
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Figure 6. The results of syntactic analysis are displayed graphically.
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Figure 7. The results of semantic analysis are encoded in a format compatible with the format in
which facts are stored in the Fact DB and, therefore, with the format in which ontological

knowledge is encoded.
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Figure 8. A view of a dynamically produced hierarchy of facts from the Fact DB that will form
the answer to the query.
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Figure 9. This is how the final results of the query are displayed.
The processing that is going on behind the scenes at the stage after the battery of input analysis

programs (stages) have completed their work is illustrated in Figures 10 - 13, using the same
sample query.
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Lookup through Fact DB and Lexicon
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Figure 10. The fact database links information structures representing the various elements of
the question. In an extraction system this can be used to confirm relationships which are
ambiguous in a text.

Finding shallow/deep matches through expansion...

Tustc i
ATILIELL-658 TME Frasment
NAML Tan Thorpe SPORTS-RCSULT
AGLRT-DL SPOETS-RLSLLL-A PLACLMINT 123
TFSTNFNCE-CITY Svdney(CITY-X) STAGF. FTAT,
MEVRER-OF " AM. 7 *
“._ L4 ]
"_.r"" \\' Z alch ‘l,
o £ ]
SPORLS-RLSLLL-A
TRAM-| ,
RAVIE TA00 Reley PE{?&'&T 100M F{“"""”"" el
AGLENDPOF  SPORTS RHS!{I: 1 L} STAGF, FTAT, ;
taa .“-’- . .;f
SPORTR.RFAUL.T.RB
PABL-OF 4x1008 Relny
FLACKMENT 1
SrAGL LINAL

Figure 11. Finding links between question elements. The structures here are the product of

information extraction, with a human editor in the loop.
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Figure 12. Heuristics are applied to avoid the generation of spurious links in the fact DB
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Coverage of Original Tasks
In what follows, we briefly describe the results that we obtained with respect to the five original
tasks specified in the Statement of Work of Phase I of this project.

Task 1: Name recognition and classification capabilities

The two-pass name recognition algorithm allowing for the concurrent consideration of multiple
name patterns has been implemented. The first pass is a basic lookup and text tokenization stage
and the second pass is a bottom-up pattern matching algorithm, which allows multiple instances
of names in a text to be recognized by the same pattern application step. The current
onomasticon database contains about 200,000 entries including countries, cities, companies and
human first and last names. This resource has been incorporated into the new name recognition
algorithm.

Task 2: Treating part-of-speech ambiquity

A new syntactic grammar of English has been developed at CRL and tested by Onyx. The
syntactic analyzer relies on a locally developed lexicon-based part of speech tagger. The
syntactic phase is closely coupled with the name recognition and classification phase (Task 1).
The syntactic analyzer called MEAT, developed at CRL, has been adapted for this task.

Task 3: Integration of ontoloqy and ontological-semantic lexicon

A new version of the ontology including browser and editor tools has just been made available to
Onyx. The onto-search word disambiguation software has been rewritten (from Lisp) to provide
a phrase and sentence level set of disambiguation. It became clear that developing a completely
new domain area for the testing of this system was not feasible given the available resources.
Therefore, instead of the domain of the Chechnya conflict, Onyx used one of the domains
developed at CRL, namely, the domain of Olympic Games. A working version of the extractor,
including disambiguation without reference resolution, has been developed.

Task 4: Treatment of reference

The first version of the reference resolution module has been developed and tested. However, the
results and the coverage of reference-related phenomena have not yet attained an acceptable
level. Thus, the reference module to date concentrates exclusively on anaphoric pronominal co-
reference, to the exclusion of treatment of definite descriptions, ellipsis and other means of co-
reference expression. The work on expansion of coverage of the reference treatment module will
be included in the work on Phase II of this project.

Task 5: Build and test integrated system

While working on the integrated system, as illustrated above, we concentrated on the software
engineering tasks of integrating the various system modules. It became clear in the process of
work that the only evaluation regimen that was feasible under the constraints of the available
resources was an informal qualitative one.

As aresult of our work in Phase I, we have arrived at the following evaluation of current
capabilities and immediate prospects for enhancement of these capabilities, in terms of
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enhancing the levels of automation of the various processes involved in our information
extraction / question answering environment. Figures 14-16 illustrate our findings and estimates.
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Figure 14.
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Figure 15.
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Further Improvement of Recall Levels

Phase I of this project has resulted in a proof-of-concept system that improves both precision and
recall characteristics of current IE systems. Thus, the inclusion of syntactic and semantic analysis
features enhances the levels of precision by ruling out those part-of-speech and meaning
homographs of the terms in the original query that were not intended by the user. As to the level
of recall, we established that it can be enhanced in a system that can take into account any or all
of the following considerations:

e when the system is aware of the different ways of referring to a certain entity,
specifically, through

o direct mention (e.g., US President),

o an expression from the synonymy set of direct mentions (President of the United
States, the President, Mr. President [in direct speech], etc.),

o apronominal reference (e.g., he), a reference by name (e.g., Roosevelt),

o a reference by ellipsis (as in the second clause of the following sentence:
Roosevelt opposed isolationism and went on to win the 1940 election in part on
this platform),

o areference by definite description (as in the occupant of the Oval Office)
o areference using non-literal language (as in The White House)

e when the system is capable of picking out from running text references to events and
objects that have a direct causal or other proximal relationship to the concept in the
query; for example, if a question is about bankruptcies, relevant information may also
appear in company earnings reports (the system must know from its ontology that low --
or lower than expected -- earnings may eventually lead to bankruptcy); as another
example, a political demonstration may be classified in some news source as a protest
event (which in an ontology would be a parent of the demonstration concept); such
causal, temporal and hierarchical links among various events and objects are the main
content of a realistic ontology, and thus will help in raising recall by finding texts that,
while not directly mentioning the events or objects expected in the original template
identified as the most relevant one for a particular query, activate closely related
templates.

Commercialization Need and Global Potential

While the basic technology under development under this project has been essentially
concentrating on English, Onyx is in a very good position to rapidly apply it to many other
languages as well as to text collections in multiple languages.

Recent estimates of total pages on the Internet exceed one billion. Knowledgeable sources
indicate that as many as a million new pages are added each day. Although much of the initial
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activity of e-commerce and rapid development of the World Wide Web occurred in the United
States and other English-speaking countries, current activity has spread at lightning speed to the
entire world.

Ninety-two (92) percent of the world’s population are non-native English speakers. Idiom, Inc., a
leader in e-commerce globalization, quoting a number of reliable sources, estimates that by 2002,
non-English speaking users will make up over 50% of the total online population, and 70% by
the year 2004. (International Data Corporation). Non-native English speakers make up the fastest
growing group of Internet users. (New York Timces). Business Web users are three times more
likely to buy when addressed in their own language. (Forrester Research). The global e-
commerce market is forecasted to grow from $13 billion in 1997 to $1.2 trillion by 2001.
(Coopers & Lybrand). Non-US e-commerce will shift from 14% of the total worldwide revenues
to 37% by 2002. (International Data Corporation). By the year 2002, 490 million people around
the world will have Internet access, that is 79.4 per 1,000 people worldwide, and 118 people per
1,000 by year-end 2005. The top 15 countries will account for nearly 82 percent of the
worldwide Internet (The Computer Industry Almanac).

Automated information retrieval and extraction, including that from documents in multiple
languages, will be the sine qua non of a competitive edge in the increasingly globalized world
economy. As in military and intelligence operations up to now, having the best information the
soonest will be a critical factor in either gaining increased market share, profitability and
‘winning’ or becoming an ‘also ran,” succumbing to the predations and superior technological
capabilities of competitors.

The current project is an important step toward the next generation of information extraction
engines. Initial discussions with venture capital brokers suggest that interest in further
development of this kind of software is significant. As an ‘add on’ to existing search engines or
as a standalone, customizable to particular products, markets and languages, the enhanced
information extraction capability Onyx is developing will make it an extremely desirable, if not
essential, tool for any vendor interested in tapping the growing international market of business
to business commerce.

In addition, multilingual data mining and text analysis to support market research and new
product development activities, as well as direct sales to individual consumers, other businesses
and governmental entities worldwide, will be significantly enhanced through the use of a
multilingual interactive document summarizer and information retrieval engine. The enhanced-
recall, possibly multilingual software product requires additional research and development,
supported with SBIR funding in Phase II, and with partners from private industry and venture
capital sources, to reach the next level of information extraction capability required for profitable
product commercialization. We believe that Phase I has corroborated our belief in the feasibility
of the approach. What remains is the additional development necessary to bring the software, and
it customization capabilities, to the global market.

The Business Model

We believe that the technology under development in this project has direct and immediate
business applicability. At this state in the development of natural language processing
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technology it is not realistic to expect fully automatic processing of large quantities of written
and spoken language in unconstrained domains. Organizations that bank on such capabilities
have traditionally and routinely failed, often -- as in the case of the Belgian company Lernaut &
Hauspie, spectacularly so, after a period of unconstrained, though misguided, growth. We
propose a more realistic business model, in which Onyx will offer the various organizations in
need of improving the coverage, throughput and/or quality of their text processing tasks a service
that will offer the following options:

e Onyx learns the domain (or domains) of interest to a client and develops the ontology /
lexicon / onomasticon / fact DB resources necessary for enhancing the quality of text
processing in these domains; supplies the IE system with this newly acquired knowledge
and installs this capability on the client’s system; and offers technical support and
maintenance;

¢ Onyx trains the client’s representatives in the art of acquiring and maintaining the
necessary knowledge resources and delivers the IE system together with a knowledge
elicitation environment (based on the Boas language acquisition environment developed
at CRL -- see, e.g., Nirenburg and Raskin 1998 -- and available to Onyx) to facilitate the
knowledge operations by the client’s personnel. As in the previous option, Onyx also
offers continued technical support and maintenance.

Irrespective of which of the above avenues is chosen, the type of system that Onyx will
develop for the clients will depend also on security considerations and such parameters as
development time and funds available and the desired level of throughput. The areas in
which our technology offers the most impact include: economics reporting, intelligence
message traffic, processing legal texts, automatic abstracting of research production and -
corporate archive maintenance and use.

Despite the growth of internet companies basing business models on provision of web
services, there is an emerging problem of profitability of these enterprises - people expect
internet data to be free of charge. However, for many of the areas cited above accurate, and
complete (high recall data) is at a premium. Onyx plans to develop a service based model,
using the technology of information extraction, information retrieval, question answering,
and machine translation used by trained support staff to provide a high recall, high precision
data source for our clients’ immediate needs in any context.
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